Background: The occurrence of Mannheimia species in healthy sheep has only been investigated to a very limited extend since the genus and its five named species were established. The aim of the present study was to evaluate the occurrence of haemolytic Mannheimia species in apparently healthy sheep originating from four sheep flocks in South-Western Norway.
Background
Mannheimia was proposed for the trehalose-negative [Pasteurella] haemolytica complex including at least seven species, five of which were named [1] . [1] . A novel Mannheimia species was subsequently reported from Australian feedlot cattle [2] . The specificity of serotyping as a diagnostic tool was subsequently investigated by Angen et al. [3, 4] who demonstrated that serotyping does not represent a reliable method for identification. The same authors emphasized that extended phenotypic and genetic characterization is necessary for proper identification of these organisms making it difficult to decide which of the present taxa are dealt with in previous studies, based only upon phenotyping and serotyping [5] [6] [7] [8] [9] [10] [11] .
Most species of Mannheimia are known as opportunistic pathogens [12] and are frequently isolated from asymptomatic carriers [6, 9, 13] . In sheep, disease caused by Mannheimia species has mainly included pneumonia and septicaemia [13] , although isolates have been reported from cases of mastitis and the myocardium and the brain of healthy animals [3] .
Due to the above mentioned changes in taxonomy and the impact it may have on the understanding of the aetiology, pathogenesis and epidemiology of these organisms, the present investigation aims at determining the occurrence of haemolytic Mannheimia species in healthy sheep herds from South-Western Norway. The results demonstrated that a relatively high number of apparently healthy sheep in Norway seems to carry the potentially pathogenic M. haemolytica and M. glucosida in the upper respiratory tract. In addition we found an unexpectedly high number of haemolytic M. ruminalis-like organisms in all four flocks. From this herd, 11 adult sheep and 17 lambs were included in the survey. Though, the herd was grassing with other herds during the summer, pasteurellosis had not been diagnosed in this flock for many years. The tentative diagnosis, pasteurellosis was based on the lesions described by Gilmour and Gilmour [13] .
Materials and methods

Herds and bacterial sampling
Bilateral nasal swabs were taken using sterile cotton swabs from each animal. The swabs were plated onto 5% ovine blood agar plates (Oxoid) and incubated in 5.8% CO 2 for 18-20 hours at 37°C. After incubation, the plates were examined for Pasteurellaceae-like colonies that were greyish or yellowish, and showing a narrow zone of β-haemolysis. A single haemolytic colony was subcultured and tested by Gram-staining, catalase, and oxidase. All strains which proved catalase positive, cytochrome-oxidase positive, Gram-negative and having the typical colony morphology of Pasteurellaceae were stored at -80°C in porous beads (Microbank™, pro-lab diagnostics) and subsequently taken to The Department of Veterinary Pathobiology, The Royal Veterinary and Agricultural University, Copenhagen for further characterization.
Bacterial phenotyping
A total of 57 pure cultures were characterised phenotypically. Isolates were designated I for Ims, S for Stave, K for Kjosavik and only the number from Sandnes (except for C1, also from Sandnes). Phenotypical characters included, colony morphology on blood agar (Tryptose blood agar base [Difco] containing 5% citrated bovine blood), cell morphology observed by phase-contrast microscopy, Gram-staining, 3% KOH test, catalase (3% H 2 O 2 ) and oxidase (Fluka). Motility was examined by phase-contrast at 37°C, and by inoculation in VL-semisolid medium (Heart Infusion Broth (Difco) added 0. 25% agar) following incubation at 22°C for 24 hours. Catabolism of glucose was examined in Hugh and Leifson's medium (Merck). Urease was tested in Christensen's urea medium (Merck). Indole production was examined by adding Kovac's reagent to a 48 hours old Heart Infusion Broth culture. Production of acid from: L(+)arabinose, D(+)mannose, and trehalose was examined as reported previously [14] while production of α-fucosidase (ONPF) and β-glucosidase (NPG) were determined with Rosco diagnostic tablets according to the manufactures instructions. CAMP-test was performed according to Christie et al. [15] .
Bacterial genotyping by AFLP and 16S rRNA sequencing
Isolates classified with species of Mannheimia were subsequently characterized by AFLP and compared with the following reference strains: M. haemolytica NCTC 9380 T , M. glucosida P925 T and M. ruminalis HPA92 T . Furthermore, six strains previously identified as M. ruminalis (HPA90, HPA93, HPA98, HPA109) and M. glucosida (P730, P733) were included [16] .
DNA was extracted using a DNA purification kit (Prestospin D Bug, Molzym) according to the manufacturer's instruction. AFLP typing was carried out as reported previously [17] . Briefly, the non-selective BglII primer (FAM-5' GAGTACACTGTCGATCT 3') and the non-selective BspDI primer (5' GTGTACTCTAGTCCGAT 3') were used to amplify the fragments subsequent to restriction digestion and ligation to their corresponding adaptors. Amplification products were detected on an ABI 377 automated sequencer (PE Biosystems). Each lane included an internal-lane size standard labelled with ROX dye (Applied Biosystems) and GeneScan 3.1 fragment analysis software (Applied Biosystems) was used for fragment size determination and pattern analysis. AFLP profiles comprising fragments in the size range 50-500 bp were considered for numerical analysis with the program GelCompar II (Applied Maths, Kortrijk, Belgium). Normalised AFLP fingerprints were compared using the Dice similarity coefficient and clustering analysis was performed by the UPGMA.
16S rRNA gene sequencing included two strains, S9 and 85, representing two of the three main clusters in the M. ruminalis cluster in Fig. 1 . PCR amplification was performed according to the standard conditions described by Vogel et al. [18] . Oligonucleotides for both PCR amplification and 16S rRNA sequencing were synthesized according to sequences and positions given in Dewhirst et al. [19] and Paster and Dewhirst [20] . DNA sequencing was performed on the ABI 377 (Applied Biosystems) sequencer with unlabelled primers and the BigDye kit according to protocols described with the Chemistry Guide for automated DNA sequencing (Applied Biosystems). Searches for DNA sequences at NCBI were performed by BLAST [21] .
Results
Based on the phenotypic characters outlined for each Mannheima species in Table 1 , the species distribution of isolates obtained from the present investigation is summarized in Table 2 . There were found no discrepancies between the phenotypic character demonstrated for present isolates and the ones outlined for the different Mannheimia species by Angen et al. [1] . However, given the considerable genetic diversity among the isolates classifying with M. ruminalis will be referred too, as M. rumi- The genetic diversity of the M. ruminalis-like isolates obtained from the Sandnes flock was considerable while isolates from the three other farms were generally more closely related. Six out of eight isolates of M. ruminalis-like isolates from the flock in Ims were highly related (Fig. 1) . Only around 38% similarity was observed between the type strain and the isolates obtained in the present study.
Sixteen out of 40 sheep from the flock in Kjosavik sampled positive for M. haemolytica while only two (77 and C1) sheep out of 28 examined from the flock in Sandnes sampled positive. All 18 M. haemolytica isolates formed a separate AFLP cluster with the type strain of M. haemolytica (NCTC9380 T ). A total of 13 isolates of M. glucosida were obtained from the flocks in Stave, Kjosavik, and Sandnes. These isolates also formed an AFLP cluster grouping with the type strain (P925 T ) and the included reference strains (P730 and P733).
Discussion
Previous investigations on the prevalence of [P.] haemolytica have shown a considerable variation. A range between 8.9% and 96.2% of healthy sheep that carry these organisms in the nasal cavity have been reported [6, 7, 22] . The variation is likely to be caused by several factors including different isolation techniques, misidentification, and seasonal variation. Swabbing of the tonsils and nasal cavity of slaughtered sheep showed that [P.] haemolytica could Genetic diversity among the obtained Mannheimia isolates (HPA90, HPA93, HPA98, HPA109 ) and M. glucosida (P730, P733) were also included. Isolates obtained in the present study were designated I from Ims, S from Stave, K from Kjosavik and only the number from Sandnes (except C1 also from Sandnes). The vertical dotted line at 90% similarity denotes the cut-off value for a clone.
be isolated from 95% of the tonsils and 64% of the nasopharyngeal swabs [9] . Furthermore, it has been found that the prevalence of [P.] haemolytica in temperate climates varies seasonally with a higher prevalence in spring and early summer [13] .
In the present survey, the isolation rate of Mannheimia spp. varied from 24% to 64% in the four herds investigated. However, only a single haemolytic colony on sheep blood agar was subcultured and characterized from each sample. In addition, the nasal cavity was sampled instead of the tonsils which might explain the complete lack of isolation of [P.] trehalosi. In this survey, the sheep were swabbed in May, where the prevalence of Mannheimia spp. was expected to be at its highest. With the exception of the flock in Ims, at least two different species of Mannheimia were isolated in each flock. In addition, six out of eight isolates of M. ruminalis from the flock in Ims were highly related genetically, probably reflecting the fact that this flock has been kept isolated over time. This flock also showed the overall lowest isolation rate of Mannheimia spp.
According to Gilmour and Gilmour [13] , [P.] haemolytica (M. haemolytica) is normally associated with pneumonia in cattle and sheep, septicaemia in lambs and mastitis in ewes. These observations have subsequently been supported by Angen et al. [1, 4] . However, the present investigation clearly demonstrated that these organisms also can be obtained from the upper respiratory tract of apparently healthy sheep.
M. glucosida seems to be associated with the upper respiratory tract and rumen of sheep, but has also been reported from various lesions [1, 4] . M. ruminalis has, so far only been reported from the rumen of sheep and cattle [1, 3] and mainly in a non-haemolytic form. However, only relatively few strains are available and considering the results of the present study, it may be questioned whether the non-haemolytic phenotype is general to M. ruminalis or if this merely applies to a sub-population of this species. We feel confident about the classification of the M. ruminalislike isolates from this investigation as they showed very high 16S rRNA gene similarity to the M. ruminalis type strain (HPA92 T ) and also clustered with the M. ruminalis strains HPA98 ([P.] haemolytica biogroup 8), HPA90 (Bisgaard taxon 18 biovar 2 (arab + )) and HPA93 and HPA109 (Bisgaard taxon 18 biovar 3 (sorb + )), as demonstrated by AFLP. Except for the haemolytic phenotype of the M. ruminalis-like strains there were no discrepancies to the Savelkoul et al. [24] found that Klebsiella strains showing a 90-100% fingerprint similarity could be considered as belonging to the same clone. In other studies including Acinetobacter [25] and Gallibacterium anatis [26] the same similarity values have been used to define a clone. Provided that the same value can be used to define clones within species of Mannheimia, it indicated that all flocks investigated have been exposed to several introductions of Mannheimia spp. over time or that several clonal lineages have evolved within each flock.
Conclusion
The present study demonstrates that M. haemolytica, M. glucosida and M. ruminalis-like organisms are commonly found in the upper respiratory tract of healthy sheep. Interestingly, the occurrence of haemolytic M. ruminalislike isolates was unexpectedly high. This organism has usually been isolated in a non-haemolytic form. The importance of this finding will have to be investigated in future studies, in order to conclude on the biological significance of the different haemolytic/non-haemolytic phenotypes.
